Concentrations of ketone body and antidiuretic hormone in cerebrospinal fluid in response to the intra-ruminal administration of butyrate in suckling calves.
The aim of the present study was to elucidate the mechanism by which ketone bodies increase antidiuretic hormone (ADH) secretion. Four male Holstein calves (5 weeks of age) were utilized. Four levels of butyrate (0 g, 11 g, 22 g and 44 g) were administrated intra-ruminally in a 4 x 4 Latin square design and cerebrospinal fluid (CSF, six-position lumbar puncture), blood plasma and urine were collected. The concentration of total plasma and CSF protein was 5.5-5.6 g/dL and 27.5-28.3 mg/dL, respectively. CSF concentrations of a specific ketone body, 3-hydroxybutyric acid, were significantly higher in the 22 g and 44 g butyrate groups than in the control group. CSF concentrations of ADH in the 11 g and 44 g butyrate groups were significantly higher than in the control group. Plasma concentration of 3-hydroxybutyric acid was increased by intraruminal administration of butyrate within 15 min in a dose-dependent manner, and it was higher in the 22 g and 44 g butyrate group than in the control group from 15 min to 4 h. With the exception of the 11 g butyrate group, plasma concentrations of ADH also increased in response to butyrate treatment, and it was higher in the 44 g butyrate group than in the 22 g butyrate group from 15 min to 1.5 h. The duration of the elevated plasma concentrations of ADH was shorter than that of the plasma concentration of 3-hydroxybutyric acid. The relationship between the plasma concentrations of ADH and 3-hydroxybutyric acid was statistically significant but the correlation between the two concentrations was not high. Butyrate treatment elevated the plasma concentration of ADH and also resulted in reduced urine volume and increased urine osmolality. Haematocrit (Ht) values, and the osmolality of CSF and plasma were not different among the groups. Our results suggested that the increased ADH secretion observed in suckling calves fed dry feeds was caused by butyrate-derived ketone body that crossed the blood-brain barrier rapidly.